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----- The r -u n i t i s used today i n at l e a s t two d i f f e r e n t ways: a s a measure of r a d i a t i o n dosage, and a s a measure of x-ray i n t e n s i t y .
The meaning of t h e former i s f a i r l y w e l l defined i n terms of energy absorbed per gram of t i s s u e , and t h e standard thimble chambers a r e c a l i b r a t e d t o r e a d i n t h e s e terms. The meaning of t h e l a t t e r i s much l e s s c l e a r . A s o r i g i n a l l y defined, t h e r -u n i t r e f e r r e d t o t h e i o n i z a t i o n i n a i r due t o secondary e l e c t r o n s i n equilibrium with t h e primary beam of x-rays. With low-energy x-rays e q u i l i b r i u m i s e a s i l y a t t a i n e d s i n c e t h e range of t h e secondaries i s small compared with t h e absorpt i o n d i s t a n c e of t h e primaries i n a i r , but with high-energy-x-rays t h i s i s no longer t r u e . S i n c e a c l e a r l y d e f i n e d equilibrium no l o n g e r e x i s t s , t h e old d e f i n i t i o n must be abandoned and t h e question remains: what should t h e r -u n i t mean i n connection w i t h t h e i n t e n s i t y of a beam of high-energy x-rays?
It would seem t h a t t h e d e f i n i t i o n must be a r b i t r a r y , t h a t i s , it must apply t o some s p e c i f i e d s e t u p cf t h e i o n i z a t i o n chamber and i t s surroundings. Because of t h e i r convenience i n use and u n i v e r s a l a v a i l a b i l i t y , t h e Victoreen thimble chambers have been most widely used a s measuring d e v i c e s . Some workers have
used t h e s e b a r e ; some, i n a block of p l a s t i c ; some, i n s i d e a l e a d c y l i n d e r ;
and some, behind a l e a d s h e e t . Because of t h i s ambiguity t h e r -u n i t h a s l o s t much of i t s v a l u e f o r x-ray measurements i n t h e range of many Uev, and we bel i e v e t h a t it should be replaced by a b s o l u t e measurements i n terms of energy flux or n e f f e c t i v e number of quanta" (energy f l u x divided by upper l i m i t quantum energy). However, it would be convenient t o r e t a i n t h e r -u n i t , with a s u i t a b l e a r b i t r a r y d e f i n i t i o n , f o r rough measurements and f o r intercomparison of v a r i o u s x-ray sources.
Therefore we would l i k e t o suggest t h a t a standard s e t u p should be adopted, c o n s i s t i n g of a Victoreen thimble chamber i n s i d e a l e a d c y l i n d e r w i t h 1/8-inch wall thickness, 5/S-inch i n s i d e diameter, and 2-inch l e n g t h . T h i s arrangement was chosen because it i s e a s i l y r e~r o d u c i b l e and because t h e r e i s a l r e a d y conside r a b l e precedent f o r i t s use. It should be placed with i t s a x i s t r a n s v e r s e t o t h e beam d i r e c t i o n and a t a s u f f i c i e n t d i s t a n c e from t h e x-ray source t h a t t i e i n t e n s i t y i s reasonably uniform over a r e g i o n a t l e a s t a n inch wide. The r -u n i t s o s p e c i f i e d can be c a l i b r a t e d i n terms of a b s o l u t e x -r a y energy per u n i t a r e a .
To do t h i s , a beam i s defined by an a p e r t u r e i n a t h i c k l e a d wal.1; t h e t o t a l energy f l u x i n t h i s beam is.measured, and t h e Victoreen thimble r e a d i n g i n t h e c e n t e r of t h e same beam i s determined. The f l u x divided by t h e a r e a of t h e beam a t t h e Victoreen thimble g i v e s t h e average i n t e n s i t y of t h e beam a t t h i s d i s t a n c e ; t h i s i s m u l t i p l i e d by a f a c t o r , computed from t h e measured angular d i s t r i b u t i o n
i n t h e beam, t o g e t t h e c e n t r a l i n t e n s i t y .
C a l i b r a t i o n s of t h i s s o r t have been c a r r i e d out f o r two e n e r g i e s , u s i n g t h e 1 method of Blocker, Kenney, and Fanofsky f o r t h e f l u x measurements. The apert u r e s a r e h o l e s i n a 9.57-inch t h i c k l e a d w a l l placed 56.5 inches from t h e t a rg e t ; they a r e t a p e r e d t o follow r a y s of t h e beam, and h o l e diameters of 1/2, 1, aod 1-1/2 i n c h e s ( a t t h e small end) were used, with good i n t e r n a l consistency.
Victoreen thimbles of 250 r, 100 r, and 25 r r a t i n g s ( a l s o with good agreement) were placed 337 i n c h e s from t h e t a r g e t . A thin-walled i n t e g r a t i n g monitor chamb e r permanently mounted between t h e t a r g e t and t h e a p e r t u r e was u s e f u l i n making t h e intercomparisons.
The r e s u l t s a r e given i n t h e following t a b l e . The x-ray e n e r g i e s a r e 1 W. Blocker, R. W. Kenney, and W. K. H. Fanofsky, Phys. Eiev. 29, 419 (1950) accurate t o about 2 percent, t h e c a l i b r a t i o n s t o about 10 percent.
x-ray energy ergs/cm2 r lev/cm2 r " e f f e c t i v e quanta"/cm2 r W e f i n d t h a t our Victoreen setup gives 1 . 5 times t h e reading of t h a t used by Kerst (thimble behind 1/8-inch l e a d sheet), and i f allowance i s made f o r t h i s our r e s u l t f o r 320 Mev i s i n good agreement with t h e absolute c a l o r i m e t r i c mea-2 surement of Kerst and Price. The r -u n i t mentioned i n r e f . 1 was defined i n terms of Zeus meter readings, and was included only t o show t h e arder of magnitude of i n t e n s i t i e s used; it i s i n very poor agreement with thimble chamber readings and should not be used again.
The thimble chamber readings obtained i n t h e course of t h e c a l i b r a t i o n , reduced t o a standard distance by t h e inverse square law, i n d i c a t e t h a t t h e
output of t h e Berkeley synchrotron i s 1000 r per minute a t one meter under best operating conditions. This i s a t f u l l energy and with a pulse r a t e of s i x per second. Operation a t t h i s l e v e l h a s been m a i~t a i r i e d f o r periods of many hours.
The work described was performed under t h e auspices of t h e Atomic Energy Commission. 
